Introduction
Lunar phases may be one of the most difficult concepts to teach in astronomy. Instructors often believe they have successfully taught the concept of lunar phases, only to find that the majority of their students cannot correctly answer simple questions related to the concept. [2] Unfortunately, the solution to this problem is not simple.
A factor contributing to this lack of success may be the instructor's ignorance of students' prior understanding and the effect it may have on their future understanding. Many students enter the astronomy classroom with a prior understanding of lunar phases developed by prior observation and/ or instruction. This prior understanding may be incomplete, incorrect and/or ineffective in explaining lunar phases. [3] Research on cognitive processes illustrate that an individuals' existing knowledge can be thought of as being structured into mental frameworks or models, and new information must be incorporated within their existing models for learning to occur. Mental models can be either well structured or fragmented, but if they are misaligned with scientifically correct ideas, these models will prove a deterrent to learning the material. [4] To overcome the difficulty in teaching lunar phases, instructors need to be able to determine if their students have existing mental models of lunar phases and how deeply rooted these mental models are. To accomplish this goal, instructors ideally would conduct one-onone interviews with each of their students; however, this is not practical for the average astronomy instructor with hundreds of students in their classes. A new alternative to traditional qualitative investigations of individuals' understanding is to combine a research-based multiple-choice instrument with the innovative Model analysis theory.
[5] This theory purports that by performing a mathematical analysis of individuals' responses to the different items on the instrument, their mental models, as well as how consistently they use these mental models will be revealed. The Lunar Phases Concept Inventory (LPCI) is a multiple-choice instrument designed to utilize model analysis theory to assess college students' mental models of lunar phases This paper will discuss the development of the LPCI, as well as results from field-testing the instrument at five institutions across the United States. The primary goal of the field-testing was to obtain data to establish the suitability of each item, as well as to establish the reliability and validity the LPCI.
Development of the LPCI
According to Model analysis theory, an individual's mental models can be modeled as a series of concept dimensions relating to a phenomenon, with each dimension having multiple possible facets. The dimensions represent the separate distinct aspects of the participants' framework, while the facets represent the possible value that each dimension may hold. The set of facets represents the scientifically acceptable understanding, as well as alternative conceptions uncovered by detailed qualitative interviews.
It is for this reason, that a detailed qualitative investigation [6] formed the basis for the development of the Lunar Phases Concept Inventory. This investigation yielded detailed information about the different dimensions and facets of students' mental models of lunar phases. Additional facets were taken from the alternative understandings previously uncovered by the literature. Table I shows the LPCI's concept domain with the correct facet listed as the first response under each dimension. Based on these test specifications multiple items were developed. Items were field tested under a variety of conditions and situations. After each field test items were reviewed for suitability, and either eliminated or revised if found unsuitable. After many iterations of this process, the reliability and validity of the original 14-item LPCI was established. [7] To best utilize model analysis theory [8] , it was necessary to generate an additional five questions for a total of 19 and perform additional field-testing of the different items. The purpose of this additional field-testing was to sample a different portion of the introductory astronomy population than was sampled in the previous field-tests, as well as to reestablish the reliability and validity of the different items.
Field Testing
The Establishing Item Reliability Reliability of this instrument was calculated using the Cronbach's alpha. This function measures the internal consistency of each item and presents a lower limit on the stability of the students' scores. [9] For this instrument, the coefficient alpha was calculated for 0.55 for the pretest and 0.75 for the posttest. Although the pretest coefficient alpha is low, the post-test coefficient is acceptable. The rather low pretest coefficient may be due in part to student guessing. To further establish the reliability of the LPCI, it will be necessary to use either the test-retest methods or the split-half methods in the future.
[10]
Establishing Item Validity
Prior to the field-testing, experts examined the instrument and assessed that it indeed measured the lunar phases content. After the field test, item validity was established using traditional item analysis, [11] as well as concentration item analysis. [12] The traditional item analysis yielded information on the difficulty of each item, as well as how well an item discriminates between high and low scores, while the concentration analysis yielded information on how the items assess students' mental models.
Traditional item analysis defines the item difficulty as the proportion of participants answering an item correctly and the item discrimination as the difference between the proportions of students in the top 27% of the sample answering the item correctly minus the number of participants in the lower 27% of the sample answering the item correctly. [13] Item difficulties were calculated for each data set individually and then averaged to obtain a value for the overall item difficulty. The item discriminations were calculated from combined scores of all the pre and post-test sites.
[14] Table IV shows the item discrimination values for the pre and posttests, as well as the average item difficulties.
Concentration analysis [15] allows one to calculate a concentration factor for each item and provides a method for classifying the level of the concentration factors. The concentration factor yields information on the distribution of student responses to each item, ranging from 0% for equal concentration to 100% for all concentrated on one item. The classification scheme classifies concentration factors above 50% as high (H) concentrations and below 20% as low (L) concentrations. Utilizing this method the concentration factors were calculated and classified for each item, as shown in Table V .
For an item to be considered valid for inclusion on the LPCI it needed to have pre and post discrimination values above 30%, as well as needed to have pre and post concentration factors above 20%. [16] Items failing all four criteria would need serious revision, while items
